Food 
Introduction
Freezing and frozen storage arc used extensively for the preservation of fish and fishery ·products. Although nlicrohial !?JO\\'th and aln1ost all chcn1ical reactions can he ten1porarils slowed hy low tcn1peraturc. freezing and frozen storage n1ay ·he rcsponsihle for n1any chemical and physical changes in fish. which c;tn affecl the functional and sensory properties of the products (I). These changes are n1ainly caused hy alterations in fish nlyofihrillar proteins during frozen storage as a result of the formation of intermolecular cross-linkages. and consc4ucntly the aggregation and dcnaturation of actomyosin (2) (3) (4) (5) . During freezing. the decrease in the amount of liquid water available to the proteins. as well ;ts the increase in electrolyte concentration and ,:iechanical damage of muscle structures. caused by ice crystal growth are considered to be the main causes of protein dcnaturation in frozen fish (6-,.~). The retention of functional properties, in particular gel-forming ability and water-holding capacity (WHC). is important for manufacturing fish-based products. ·Extension of shelf-life of fish during frozen storage can be. achieved by the incorporation of ingredients (e.g. cryoprotectants) that are able to prevent ice crystal growth and the migration of water.molecules froni the protein, thus stabilizing the protein in its native form during frozen storage (6). Some cryoprotectants, sucb as mono-and disaccharides, glycerol. sorbitoL some salts. acorbic acid, citric acid, carboxymethyl cellulose, gums or their combinations, are satisfactorily used to freeze-preserve fish, and also fruit and poultry (6). The *To ·whom correspondence should be addressed. Present address: Dipartimento di Scienz.e degli .Alimenti. Uni\'ersi1y of Udine. Via Mnrangoni 97~ 33HKI Udinc (ltaly). cryoprotectant effect of some nonfish proteins. fur example milk protein derivatives and egg white. in surimi and fish-based products has been reported by several authors (9-15). Although the study on the functional and physico-chemical properties of non fish proteins proved useful in some cases for predicting gelp forming ability and other functional properlies of fish· based products. a good cryoprotectant effect ·can he obtained only when a synergism between nonfish and fish proteins has been established (I0-12).
The objective of the current study was to investigate a number of dairy ingredients, selected on the basis of their potential to act as cryoprotectants. as in1provcrs of the quality of frozen fish mince. Cod and haddock were chosen as examples of low-fat white fish. and salmon and spent salmon as examples of fish with different fat and moisture contents. (Listowel. Co. Kerry. Ireland). Table 1 shows the moisture and protein content of the ingredients used. Each mixture was blended in a Kenwood blender for 3 min at constant rate. The prepared samples were packaged in plastic bags (each package containing about 300 g) and gently pressed in order to obtain lowthickness samples and exclude air bubbles. Samples without dairy ingredients were used as controls (CON). Samples were subjected to three freeze/thaw· cycles (accelerated tests). Each freeze/thaw cycle was carried out by freezing samples in an air blast freezer at -35°C for about 2 hand thawing at 3 °C overnight. Freezing and thawing rates were recorded using a Grant Squirrel Datalogger (Grant Instruments Ltd. Barrington. Cambridge .. U.K.). Data were then transferred to an expansion unit (Epson HX-20. Epson Corporation. ·Japan) and plotted.
Materials and Methods

Preparation of minced .fish
Frozen fillets of cod ( Gadm morhua
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Preparation of gels
Gels were prepared according to the modified method of Hastings (16) . Thawed minced samples were mixed with 30 g/kg NaCl in a food blender (Kenwood) for 3 min. Mixiures were then packed into 40 mm diameter polyvinylidene chloride (PVDC) casings. using a hand sausage stuffer. Sausages (about 20 cm long) were · cooked in a water-bath at 90 °C for 40 min and cooled in cold running water for 10 min. Samples were stored at 2 °C overnight and were then allowed to equilibrate . at room temperature before analysis.
Moisture content
Samples were dried at 70 °C and 74.7 mPa (for about 15 h) in a vacuum oven {Edwards High Vacuum B 240, Manor Royal Crawley, Sussex, U.K.) to constant weight. The moisture content was determined by weight difference and expressed as g/kg of initial sample weight. Measurements were made in duplicate, and .the . difference in results between two determinations carried out on. the same sample did. not exceed 50 g/kg moisture.
determine the fat content of the fish. Analyses were performed in duplicate for each sample. and the difference in results between two determinations carried out on the same sample did not exceed 50 g/kg fat.
Total protein
Total protein was determined in duplicate using the well-known Leco FP-428 Determinator System (Leco Corporation. St. Joseph. MI. U.S.A.). This is a microprocessor-based.software-controlled instrument for the determination of nitrogen in a variety of materials. Carefully weighed samples (averaging0.4 to 0.5 g) were combusted in a hot furnace (950 °C) in the presence of pure oxygen. The gases of combustion were passed through a thermoelectric cooler to remove most of the water. A 10 mL aliquot of the sample mixture. was passed through hot copper to remove oxygen. then through Lecosorb (NaOH on non-fibrous silicate carrier) and Anhydrone (MgC!O,) columns (Leco Corporation. St. Joseph. Ml. U.S.A.) to remove carbon dioxide and water. respectively. The remaining nitrogen was measured by a thermal conductivity cell. Before analysis. the instrument was ·calibrated using EDTA as standard (95.9 g/kg nitrogen). The final result was expressed as g protein per kg initial sample. using a .· conversion factor of 6.25 for fish and 6.38 for milk . derivatives. Measurements were made in duplicate. and the difference in Tesults between two determinations carried out on the same sample did not exceed 10 g/kg protein.
pH
The pH of the minced samples was estimated according to the method of Sych et al. {18). Samples (5 g) were mixed with 10 mL deionized water (single analysis). · The pH was measured with a pH-meter {PHM 82 Standard pH-meter. Radiometer. Copenhagen, Denmark) at room temperature.
Colour
Colour measurements were carried out on minced samples. using a Hunterlab model D25 Colour Differ-. ence Meter (Hunter Associates Laboratory, Inc, Fairfax, VA, U.S.A.). The instrument was standardized · against a white tile before each measurement. Colour was expressed in L, a and b Hunter scale parameters, and the a and b parameters were used to compute the hue angle (tan-1 b/a) (19, 20) . Measurements on each sample. were made in duplicate, and the difference in results between two determinations carried out on the same sample did not exceed 10% for all the Hunter · parameters.
Wa1er-holding capaci/y (WHC)
WHC was detennined following the modified method of Gormley e1 al. (21) . About 3 to 5 g of thawed minced samples was carefully weighed into prepared centrifuge tubes containing approximately 2 cm of glass beads; the beads were supported by a cup-shaped filter-paper thimble. Samples were then centrifuged at 1500 rpm for 10 min at 10 'C (MSE Mistral 3000). The presence of beads allowed the drainage of ftuid from each sample during centrifugation. After centrifugation, the samples were removed and reweighed. WHC was expressed as follows:
wl JwtJvol. 29 (1996) Nos. J & 2 sigmoidal baseline was used to calculate peak areas to compensate for the change in the specific heat ( Cp) that occurs when water passes from the solid state to liquid. where wl is the weight loss (g) after centrifugation and wi the initial weight of the sample.
Statistical analysis
Measurements were made in triplicate. The coefficients of variation. expressed as the percentage ratio between the standard deviation and the mean value. were less than 5%.
Conipressionlreco111pression and puncture Tests
Compression and puncture tests were made on gels following the methods of Hastings (16) and Gormley et al. (22) . The fish sausage samples were cut inH> 20 mm · lengths. and the cylinders were compressed hy 40% of their height using a shear press (ramspeed 4.38 mm/s) lined with a proving ring and connected. via an amplifier. to a recorder (Philips, mod. PM-8100). The samples were suhjcctcd to recompression immediately after ccomprcssion. Compression and recompression values were expressed in Newtons (N). The cylinders were subsequently puncture-tested using a flat-end probe 12 mm in diameter. The breaking force. expressed in Ns. was measured at the point of rupture ( . "\ of the samples. Five measurements were carried out on .,_j i each sample. The coefficients of variation were less than 10% for both the compression and puncture tests. Elasticity index was calculated as the percentage ratio of recompression and compression values.
Calorin1erry
Differential scanning calorimetry (DSC) was perfonned on a Mettler DSC 30 (Mettler, Greifensee. Switzerland). Samples were accurately weighed (approximately 12 mg) and sealed in sample pans. An empty sample pan was used as a reference. Duplicate samples were annealed in order to allow ice crystallization (23): samples were cooled to -50 °C, heated to -25 °C at 5 °C/min, cooled to -50 °C at 10 °C/min. and then scanned from ...;50 °C to + 30 °C at a heating rate of 5 °C/min. Enthalpies (tiH), expressed as J/.g, associated with. the melting of water were determined by integrating the area under the DSC curve, using software for thennal analysis (Mettler, Switzerland), and dividing this area by the weight of the sample. A Average moisture, total protein, fat content and pH values for the four types of fish studied are shown in Table 2 . Compared with cod and haddock species. the two types of salmon contained a higher amount of fat. although the content in the spent salmon was only one third that of the high-quality salmon (Table 2) . the least significant difference (LSD:2.4)
. From. these results~ it seems that. for almost all the fish types studied. the lower. the fish WHC values. the greater the compressive and penetration forces for the gels .. The reason may be that ingredients giving a low Conversely. prote-ins. i.e. caseinates. with a very good WHC. when incorporated into fish. may distribute so findv throughout the matrix that they cause a dilution of ~inced flsh. resulting in a weakening of the gel (10.12.14). The dilution -effect of some of the dairy in!!redients studied can be attributed to a strong pr~1tein-water interaction due to the hydration ability of these materials. Table 5 shows the enthalpies (Jig) of melting of water. the percentage of unfrozen water surrounding the proteins and the percentage of water available for hydration of fish proteins of ingredientincorporated minced cod. The caseinates gave a much hi.,her hvdration value than did MPI. SKI. OEM or WRO. wh.ich in turn had higher hydration values than the control sample. Moreover. it must be pointed out that. amon2 the dairv ingredients studied. W80 had the lowest hvd~ation va'!ue 0 (as well as the lowest WHC value nnd the highest con1pression value).
The forn1ation of protein-ingredient con1plcxcs. mainly throu"h the formation of hvdrogen bonds. could help to prcve~t :fish protein aggr~gati~1n and thcrehy inhibit dcnaturation during freezing and frozen storage (25) .
In additil1n. the results suggest that v.
•ater for hydration.
linked tt.l the lish-<lairv ingretlicnt matrix. contributes to both the forn1ation ;1f a; unfrozen zone surroun<li_ng the prolc-ins.(0~26) and,thc prcvcntion.ot>thl!. tnigration oL\v:tt-cr 1noleculcs -fron1 the proteins. 1_\ccording to this _hypothesis ~1nd thc_.cxperin1cl1tal .cvi<lcncc. the .proh.:.c~ tion-t1f-Jish.-protcins-.against freezing tla1nagc can likely bc,;.lltrihutcd to a:cryuprotectivc effect of sonic-of the inc.redients-stuc..lictl~ f(lf exan1plc cascinatcs (27.28) .
Conclusions
111e addition of dairv ingredients significantlv affectccJ the chemical compo~iti<;n. pH. col<;ur. WHC~ and the gd texture of the four fish typesc In particular. a ;elationship between WHC. compression and penetration forces and the amount of unfrozen water surrounding fish proteins was found. In general. the dairy ingredients (e.g. caseinates) that gave the lowest compression values had the highest WHC and hydration values. and l'ice versa. This can be attributed to the formation of a protein-ingredient complex. through hydrogen bonds. that may prevent protein-protein aggregation and the migration of water from the proteins during freezing and frozen storage. Although more research is needed. a possible application o( those dairy ingredients that are effective in preventing protein denaturation could be their addition to formulated fish-based products as improvers of the quality of the frozen fish.
